Purpose: Duplication of chromosome region 8q21-q22 is a rare copy number variant that has been previously reported in a limited number of patients. Although some of these patients had seizures, their electroclinical syndrome has not been described in detail. The aim of this study was to provide further insight into the specific epilepsy syndrome associated with 8q21.13-q22.2 duplication. Method: We describe 3 siblings with trisomy of 8q21.13-q22.2 who exhibited intellectual disability, facial dysmorphism and seizures. Results: All of the patients responded satisfactorily to antiepileptic medication. The EEG showed typical 3-Hz generalized spike-and-wave interictal discharges. Microarray analyses revealed duplication of 8q21.13-q22.2, encompassing 10 OMIM morbid map genes. The analysis demonstrated that the parental origin of the additional copy of 8q22.13-q22.2 was maternal, translocated to chromosome 4p. Conclusion: Our report supports that duplication of 8q21.13-q22.2 is associated with genetic generalized epilepsy with early onset absence and generalized tonic clonic seizures, in addition to the previously reported features of intellectual disability and dysmorphism.
Introduction
Duplication of chromosome region 8q21.13-q22.2 is a rare abnormal copy number variant (CNV) previously reported in a few patients. Although these reports have mentioned the presence of seizures, the description was vague and an electroclinical syndrome has not been delineated [1] [2] [3] . Herein, we aimed to outline the epilepsy phenotype associated with 8q21.13-q22.2 duplication adding a new genetic finding to the spectrum of genetic generalized epilepsies (GGEs). Ethics approval was granted by the University Health Network Research Ethics Board.
Patients and Electroclinical Characteristics
We describe three siblings who presented in early life with febrile seizures (FS) and GGE and were subsequently found to present a pathogenic chromosome 8q21.13q22.2 duplication.
The three patients were born to healthy non-consanguineous parents of Native American and Filipino ancestry. They all had history of failure to thrive, mild developmental delay, and, moderate intellectual disability (ID), as per DSM-5 ID classification. Language abnormalities included reduced comprehension and expressive difficulties with mild dysarthria. The 3 siblings also had facial dysmorphic features ( Fig. 1 ) in keeping with previous reports of patients with this duplication, including frontal bossing, high anterior hairline, mild bitemporal sparseness, low set ears, bilateral hooded eyelids, hypertelorism, bulbous nasal tip, short philtrum, thick lips, and high arched palate, narrow hands with tapered fingers and widened space between the first and second toes.
Their present height/weight was at <3rd/10-25th (patient 1), 3rd-10th/3rd-5th (patient 2), and <3rd/3rd (patient 3) centiles. Their head circumferences were in the 25th, 25th and 10th centiles, respectively. Despite moderate ID, their neurological exam has never shown focal abnormalities.
Epilepsy details are presented separately below: Patient 1 is currently 27 years old. She has a history of FS and afebrile generalized tonic clonic seizures (GTCSz) presenting at 10 months old, followed by typical absence seizures at the age of four years. She has not had any type of seizure since the age of 6 years on ethosuximide and sodium valproate. Childhood EEGs were not 1A and 1B (patient 1): High anterior hairline, occipital and bitemporal hair sparseness, dysplastic "question mark" ear, deformity of right ear, bilateral hooded eyelids, ptosis of the left eye, hypertelorism, depressed nasal root with a very widened and bulbous nasal tip, short philtrum, very thick lips, high arched palate, overbite malocclusion, gum hypertrophy, few teeth, café au lait macule over her back, finger and elbow hyperlaxity, widened space between the first and second toe, pes planus, fifth finger clinodactyly, left simian crease. 2A and 2B (patient 2): Frontal bossing, high anterior hairline, mild bitemporal sparseness, low set ears, bilateral hooded eyelids, hypertelorism, bulbous nasal tip, short philtrum, thick lips, high arched palate, narrow hands, tapered fingers, widened space between the first and second toes. 3A and 3B (patient 3): Mild bitemporal sparseness, hooded eyelids, deep set eyes, hypertelorism, depressed nasal root, bulbous nasal tip, short but well-formed philtrum, thick lips, interrupted single transverse palmar crease on the right, pes planus. available. However, EEGs at the ages of 25 and 26 years have shown 3-Hz generalized spike-and-waves, and polyspikes with frontal amplitude predominance. The background activity was normal. Her brain 3-Tesla MRI is unremarkable.
Patient 2 is currently 22 years old. She presented absence seizures at the age of 3 years old, and GTCS starting at 18 years. Her seizures were easily controlled on ethosuximide initially. Once GTCS started, addition of valproate provided seizure control. EEGs at the ages of 3, 20 and 21 years have shown spontaneous 3-Hz generalized spike-and-wave discharges. The EEG done at 5 years of age showed 3 Hz generalized spike-and-waves upon hyperventilation and photic stimulation. The background activity has always been normal. Her most recent brain 3-Tesla MRI demonstrated small bilateral periventricular nodular heterotopias (PNH) (Fig. 2) .
Patient 3 is an 18-year-old male with history of FS and afebrile GTCS starting at age of 1 year. Additionally, he has had absence seizures since the age of 6 years. His last seizure occurred at the age of 11 years and he is currently on divalproex monotherapy. EEGs at the ages of 3, 16 and 17 years have also shown 3-Hz generalized spike-and-wave discharges, with normal background activity (Fig. 3) . A recent brain 3-Tesla MRI was normal.
Genome-wide microarray of these 3 siblings confirmed a pathogenic duplication specifically, arr 8q21.13q22.2 (80,258,449-99,137,278)x3. This duplication involves 97 RefSeq genes encompassing 10 OMIM morbid map genes (3 of which are associated with neurologic disorders, see below). They have inherited this duplication from their asymptomatic mother who carries a balanced insertion of the 8q material on the short arm of chromosome 4.
Discussion
GGEs are thought to have a complex inheritance, but in a few rare families, single genes have been linked to this phenotype, or some subphenotypes (EFHC1, BRD2, CACNA1H, and GABRG2) [4] [5] [6] [7] . More recently, a connection between sporadic GGEs and CNVs was observed in patients with 15q11.2, 15q13.3 and 16p13.11 microdeletions [8, 9] . Moreover, the analysis of rare CNVs exclusively in absence epilepsy has found an association of this phenotype with two additional CNVs disrupting a range of important genes: 1q21.1 and Xp22.31 [10] . Interestingly, potentially causative CNVs are more often observed in patients with GGE plus intellectual disability than in patients with GGE only [11] .
Chromosome 8q21-q22 duplication is a rare occurrence. Seizures in patients with 8q21 duplication have been observed in 8 out of 11 patients from 3 distinct families described [1] [2] [3] . In those reports, seizures were not specified, described as "grand mal", "minor seizures", or in one case described as generalized tonic seizure [1] [2] [3] . (Table 1) .
In this report, we describe three siblings with 8q21.13-q22.2 duplication and electroclinical features compatible with GGE. All patients responded well to antiepileptic medications. One of the siblings also has PNH, another condition previously associated with some CNVs [12] . In the family described here, PNH may or may not be a direct consequence of 8q21-q22 duplication. On the other hand, the GGE phenotype observed in all three siblings, is more likely to be associated to this 8q21-22 duplication. No other CNV was identified in their genome-wide microarray studies. Furthermore, a gene panel including SLC2A1 (linked to early onset absence seizures [13] ) as well as other genes associated with GGE did not show any pathological variation. The following factors strongly favor the association between this 8q21.13-q22.2 duplication and GGE: 1) the paucity of single genes previously associated with GGE and negative findings on sequencing of those genes known to be associated with GGE; 2) the recently discovered link between GGEs and CNVs, especially when intellectual disability is present, and 3) the reports of "grand mal", and "minor seizures" in patients in three independent families with 8q21.13-q22.2 duplication [1] [2] [3] .
Regarding GGEs and the CNVs previously described, they were all microdeletions, and not microduplications, as the cases presented here. However, there are other instances of microduplication associated with other epilepsy syndromes or seizure types [14] [15] [16] . It is unclear how 8q21.13-q22.2 duplication leads to GGE. Among the 10 genes involved in the duplicated region, only deletions of NBS1 (MIM# 602667), TMEM67 (MIM# 609884), and NDUFAF6 (MIM# 612392) are associated with neurologic disorders. Our patients do not meet criteria for any of the syndromes associated with mutations in the genes above. Further studies are necessary to confirm the GGE phenotype in 8q21.13-q22.2 duplication, and to explain how this CNV leads to the epileptic phenotype described here.
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